The identification of fructoborate complex in food matrices using liquid chromatography coupled with quadrupole Orbitrap mass spectrometry was investigated in this study. The LC/MS method was established by optimization of mobile phases and direct infusion of FruiteX-B ® brand calcium fructoborate (CaFB) solution to Q Exactive Orbitrap mass spectrometer to obtain MS operation parameters. The precursor ion m/z 367.10522 was dissociated further for conformation analysis of fructoborate complex. The method was applied to identify and quantify fructoborate in freeze dried apricot fruit and raisins. It was found that fructose-11 B-fructose di-ester complex was present in these fruits. The results were further verified by multinuclear solid and liquid states NMR spectroscopy analysis.
Introduction
Calcium fructoborate is a sugar-borate ester complex with a boron molecule linked to one or two fructose molecules to form fructoborate mono-or di-ester, respectively. This complex is industrially formed by a proprietary reaction of boric acid with fructose and calcium carbonate. Natural and identical fructoborate esters are found in some fruits and vegetables (Matsunaga & Nagata, 1995; Brown & Shelp, 1997; Hu, Penn, Lebrilla & Brown, 1997) . Numerous studies (Brown & Hu, 1994; Kobayashi, Matoh & Azuma, 1996; Brown et al., 2002) have shown that borates are critical in plant growth processes such as normal growth of cell wall, membrane function, and lignin biosynthesis, and are also important to human health ( I. Dinca & Scorei, 2013; Scorei, Cimpoiasu & Iordachescu, 2005; Milijkovic et al., 2009 ): calcium fructoborate is a potential anti-inflammatory nutrient and its antioxidant activity can protect cells from oxidant-induced injury; both calcium fructoborate and boric acid can inhibit the growth of breast cancer cells. Recent studies (Pietrzkowski et al., 2014; Reyes-Iaquierfo et al., 2012; R. Scorei, Mitrut, Petrisor & Scorei, 2011) suggested that borates may help regulate hormones and vitamin D in a manner that improves bone and joint health. A short-term intake of calcium fructoborate provided significant benefits to people experiencing conditions associated with knee osteoarthritis (Reyes-Iaquierfo, Nemzer & Gonzalez, 2012; D. Miljkovic, N. Miljkovic & McCarty, 2004) . Studies (Mogosanu et al., 2016; Scorei, Ciofrangeanu & Ion, 2010; Scorei & Rotaru, 2011; Scorei, 2011; Militaru et al., 2013) demonstrated the ability of calcium fructoborate to significantly modulate molecular markers associated with inflammatory mechanisms on the elevated serum levels of C-reactive protein, suggesting possible benefit for cardiovascular conditions. Scorei and some researchers (Scorei & Popa, 2010; Scorei et al., 2007) found negative correlation between borate intake and the incidence of other human health issues.
desorption-Fourier transform mass spectrometry to analyze soluble boron complexes, with verification by high-performance liquid chromatography and gas chromatography-mass spectrometry. To further understand the primary functions of sugar-borate complexes in plants and human health, a more effective screening method is required to identify this complex compound in various sample matrices, especially at low concentration levels.
In this study, we established an analytical method to identify fructoborate using ultra high performance liquid chromatography coupled with high resolution quadrupole Orbitrap mass spectrometry. The method was optimized by using Fruitex-B ® brand calcium fructoborate as a standard and was thereafter applied in order to identify fructoborate complex naturally presented in different fruit powders.
Material and Method

Material
Suprapur® formic acid, Omnisolv® LC-MS grade of methanol and acetonitrile and 99% OmniTrace® glacial acetic acid were purchased from EMD Millipore Corporation (Billerica, MA, USA); Optima® LC/MS grade of ammonium acetate and ammonium formate was obtained from Fisher Scientific (Fair Lawn, NJ, USA); BDH LC-MS grade of water was ordered from VWR international (Radnor, PA, USA). Fruitex-B ® brand calcium fructoborate is exclusively manufactured under US patent 5,962,049 (Miljkovic, 1999) and obtained from VDF FutureCeuticals, Inc. (Momence, IL, USA). VDF FutureCeuticals also provided samples of freeze dried apricot and raisins.
Instrumentation and Method
The UHPLC/Q Exactive Orbitrap system consists of Ultimate 3000 UHPLC coupled with a Q Exactive mass spectrometer (Thermo Fisher Scientific, Bremen, Germany). The system was controlled by Xcalibur 4.0 software (Thermo Fisher Scientific, San Jose, USA)
The analytical column used was a Thermo Acclaim TM HILIC-10 150mm x 2.1 mm i.d. and particle size was 3 µm. Mobile phase consisted of 90% acetonitrile/10% 0.1M ammonium acetate was running isocratic. The total running time was 12 mins. The sample injection volume was 2 µL.
A heated electrospray ionization (HESI) source was used in the Q Exactive mass spectrometer. The optimized operation parameters were set: capillary temperature 256 ˚C; spray voltage 3.0 kv, sheath gas flow rate 48 arbitrary unit, auxiliary gas flow rate 11 arbitrary unit, and auxiliary gas heater temperature 413 ˚C respectively. All of the data were acquired using full MS scan mode and DIA (data independent acquisition) mode in negative polarity mode. With the full-scan, the mass range was from m/z 100 to m/z 900. The mass resolution of the mass spectrometer was set at 70000 FWHM (Full width at half maximum, m/z 200) and AGC (Automatic gain control) target at 3e6. CaFB solution was run in full MS scan first to obtain the precursor ion of fructoborate m/z 367.10522. In the DIA experiment, the mass spectrometer performed data independent acquisition, and covered the scan range by targeted HCD (higher energy collisional dissociation) events with isolation windows defined in the inclusion list for confirmation analysis. The targeted precursor ion m/z 367.10522 was included in the inclusion list. The precursor ion was fragmented with normalized collision energy to yield the product ions. The mass resolution of the mass spectrometer was set at 35000 FWHM and NCE (normalized fragmentation energy) 30%. AGC target was set at 1e6 and isolation window at 3 m/z. The full MS scan and data independent acquisition were run sequentially at the same time.
ESI Mass spectrometer ion source parameters were first obtained by flow injection analysis, and then optimized based on the mobile phases and flow rate used. Typically, the standard solution was prepared in water by using CaFB powder at final concentration of 5 µg/mL, which yielded intense deprotonated molecular anion [M-H] -by negative ion electrospray ionization. Sensitivity was checked by comparing the intensity of fructoborate running in both positive and negative ionization modes. Full MS scan was run first to screen the CaFB standard solution to obtain the precursor ion of fructoborate with accurate mass measurement m/z 367.10522. This precursor ion was used in the inclusion list to conduct data independent acquisition and the fragment ions were used to confirm the presence of fructoborate at low concentrations.
Method Validation
For linearity, six different concentrations of CaFB solutions were prepared containing 9. 95, 19.9, 49.75, 79.6, 99 .5 and 199 µg/mL CaFB and run on LC/MS to get calibration curve. Each standard solution was injected in duplicate and linearity was evaluated by regression analysis. System precision was evaluated by analyzing the standard solution for seven times on the same day. Accuracy was assessed by determination of the recovery from three food matrix samples spiking with a known amount of CaFB standard.
Sample Preparation Method
Freeze dried apricot powder and freeze dried raisin powder were prepared for fructoborate analysis. About 0.1g of each sample was accurately weighed and quantitatively transferred to a 50 mL ultraclean centrifuge tube. 10 mL of LC/MS grade of water was added to the samples. The centrifuge tube was capped, vortexed briefly, shaken for 20 mins, and then centrifuged at 6000 rpm 20˚C for 10 mins. The extracts were filtered into the auto sampler vials using 0.2 µm PTFE membrane filter for LC/MS analysis.
Results and Discussion
Method Optimization
To achieve the best separation and retention for fructoborate, different solvents were tested as mobile phases with Thermo Accucore aQ column (Table1), however, the retention time was less than one minute. Then Thermo Acclaim TM HILIC-10 column was tested by using 90% acetonitrile/10% 0.1M ammonium acetate as mobile phase. It was found that a good retention was achieved using Thermo Acclaim TM HILIC-10 column and 90% acetonitrile/10% 0.1M ammonium acetate was used as mobile phase to analyze different samples. To determine linearity, a calibration graph was acquired by plotting CaFB concentration again peak area. Linearity was good in the concentration range of 9.95-199 µg/mL CaFB. Calibration curves exhibited excellent polynomial regression over the entire concentration range with regression coefficients in the range of 0.993-0.999. The limit of instrument detection and quantification were 0.2µg/mL and 0.5µg/mL respectively using Thermo Accucore aQ column. System precision was 101% with RSD% of 5%. The accuracy of the method was evaluated by spiking a known amount of CaFB into the food matrix and the average of recovery is 83.7%.
Identification of Fructoborate
FruiteX B® brand calcium fructoborate primarily contains di-ester complex (possible structures shown in Figure  1 ) which dissociates in water into Fructose-B-Fructose complex. The optimized LC and mass spectrometric parameters were used to analyze CaFB solution with full MS scan and DIA data independent acquisition. Fructoborate was eluted from analytical column at 5.38 min. Figure 2 shows the corresponding mass spectrum.
In negative mode, fructoborate yields abundant [M-H] -ion by ESI (electrospray ionization). Following DIA under high dissociation collision energy, the [M-H]
-ion yields a series of fragment ions that reflect inductive cleavage, hydrogen transfer, and neutral losses. The mass spectrum analysis showed that the precursor ion of Fructose-11 B-Fructose complex is m/z 367.10522 with one negative charge. Compared to the theoretical value of Fructose-11 B-Fructose in negative mode m/z 367.10479, the mass accuracy of measured precursor ion was 1.17ppm which is far less than 5ppm. The measured relative isotopic abundance of As mentioned above, calcium fructoborate complex is formed by a reaction of boric acid with fructose and calcium carbonate. Study (Makkee, Kieboom & Bekkum, 1985) shows the final product of boric acid and fructose reaction depends on the reaction conditions such as pH and relative concentration ratio of boric acid and fructose. There are three types of boron-containing molecules observed in the boric acid and D-fructose reaction: boric acid, di-ester complex, and monoester complex with different overall borate ester stabilities (Hu et al., 1997; Makkee et al, 1985) . At high pH value and high D-fructose/borate ratio, the di-ester complex is the dominant product, especially α-FF-B-complex (α-fructofuranose-boron-complex). To screen free boric acid and mono-ester complex in CaFB solution, the same analytical strategies as use when analyzing fructoborate were Vol. 6, No. 3; 2017 applied and the precursor ions of free boric acid and mono-ester complex were included in the inclusion list. However, no major peaks were found due to low concentrations of these target compounds. This result is consistent with the previous NMR study (Edwards, Hunter & Nemzer, 2014) and demonstrates further that fructoborate is the dominant product in calcium fructoborate.
Identification and Quantification of Fructoborate in Apricot and Raisin
CaFB, freeze dried apricot, and raisin samples were analyzed by LC/MS. The fructoborate peaks were eluted at 5.38 min, 5.40 and 5.38 min respectively. The MS/MS mass spectrums of target compound in apricot extract, raisin extract, and fructoborate in CaFB are shown in Figure 3 and Figure 4 . The precursor ion of target compound in apricot powder extract is m/z 367.10556, which yields 2.097 ppm mass accuracy compared with theoretical value of fructoborate. The precursor ion of target compound in raisin extract is m/z 367.10532, which yields 1.444 ppm mass accuracy. The precursor ion and the product ions (m/z 277.07364, m/z 205.05188, m/z 187.04117 and m/z 157.03046 for apricot extract; m/z 277.07346, m/z 205.05174, m/z 187.04106 and m/z 157.03035 for raisin extract) of the target compound in both apricot and raisin extract are correspondingly consistent with those of fructoborate. In addition, boron isotope ratios (Table 2) in FrxB solution also unambiguously demonstrate the presence of saccharide-borate complex in these samples. This result is consistent with other studies (Hu et al., 1997; Bieleski & Redgwell, 1980 ) that fructoborate is the major borate-saccharide complex in celery and peach nectar. To quantify fructoborate in freeze dried apricot and raisin, six different concentrations of CaFB solutions were prepared containing 9. 95, 19.9, 49.75, 79.6, 99 .5 and 199 µg/mL CaFB and run on LC/MS to get calibration curve. Calibration curves exhibited excellent polynomial regression over the entire concentration range with regression coefficients in the range of 0.993-0.999. The calibration curve was then used to be interpolated to quantitate apricot and raisin samples. The resultant determinations are expressed as CaFB equivalents. Both freeze dried apricot and raisin were run triplicate and the concentrations were 16.2±0.6 mg (CaFB)/g sample for apricot and 79.3±8.8 mg (CaFB)/g sample for raisin respectively. However, matrix effects have become a major concern in quantification analysis. Both ionization suppression and ionization enhancement were detected during method development. Based on the calibration solutions prepared in water, the quantified fructoborate concentrations in apricot and raisin listed above were higher than expected concentrations due to matrix effects. To reduce the matrix effects, the standard addition method was used to quantify fructoborate in those samples further to correct data. The concentration values of fructobroate obtained from using the standard addition method were 10~40 times lower than uncorrected values. The matrix effect is still under investigation for different sample matrices.
Conclusion
A novel analytical method for fructoborate analysis was developed by using ultra high performance liquid chromatography coupled with high resolution quadrupole Orbitrap mass spectrometry. The basic chromatographic conditions were designed, and selected after testing different conditions that affect HPLC analysis. Thermo Acclaim TM HILIC-10 column was used because of its better retention for fructoborate. 90% acetonitrile/10% 0.1M ammonium acetate were used as mobile phase to get better peak shape and good resolution. The screening of fructoborate in freeze dried apricot and raisin samples demonstrates the potential of 
